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2011 NASA Statistical Engineering Symposium
Agenda

Tuesday, May 3™

12:30 - 12:45 Welcome and Opening Remarks
Mr. Stephen Jurczyk
Deputy Director, NASA Langley Research Center

12:45 - 1:45 Opening Address
Why Statistical Engineering?
Dr. Roger Hoerl
Lead, Applied Statistics Laboratory, GE Global Research

1:45 - 2:00 Break

2:00 - 3:00 Keynote Address
Increasing Statistical Rigor in Operational Test and Evaluation
Dr. J. Michael Gilmore
Director of Operational Test and Evaluation, Office of the Secretary of Defense

3:00 — 3:15 Break

3:15 — 4:30 Senior Leadership Panel
Integrating Critical, Statistical Thinking
Mr. Clayton Turner (Moderator)
Chief Engineer, NASA Langley Research Center

Dr. L. DeWayne Cecil
Western Region Climate Services Director, National Oceanic and Atmospheric Administration

Mr. Steven Gentz
Chief Engineer, NASA Engineering and Safety Center, Marshall Space Flight Center

Dr. Edward Kraft
Chief Technologist, Arnold Engineering Development Center

Mr. Stephen Sandford
Director, Engineering Directorate, NASA Langley Research Center

5:00 — 6:00 Reception



Wednesday May q"

Leadership — Essential for Developing the Discipline of Statistical Engineering
Ronald Snee, Snee Consulting

9:30 - 10:30
1A - Infusing Statistical Engineering at NASA Langley
Research Center

Chair: Paul Roberts, NASA Engineering & Safety Center

Building Capability
Mark Hutchinson
NASA Langley Research Center

Infusing Statistical Engineering
Peter Parker
NASA Langley Research Center

1B - Research and Applications of Response Surface
Methodology
Chair: Steve Helland, NASA Glenn Research Center

Topics in Response Surface Methodology
Adequacy Assurance and Assessment
Richard DelLoach
NASA Langley Research Center

Hybrid Designs: Space Filling and Optimal Experimental
Designs for Use in Studying Computer Simulation Models
Rachel Johnson Silvestrini
Naval Postgraduate School

11:00 - 12:00
2A - Uncertainty Propagation in Dynamic Models
Chair: Dr. Luis Crespo, National Institute of Aerospace

Failure Domain Bounding with Applications to Dynamic

Systems
Sean Kenny
NASA Langley Research Center

Beyond Probability: A Pragmatic Approach to Uncertainty

Quantification in Engineering
Scott Ferson
Applied Biomathematics

2B - Requirements Verification
Chair: Ken Johnson, NASA Engineering & Safety Center

Statistical Tolerance Bounds: Overview
and Applications to Space Systems
James Womack
Aerospace Corporation

An Empirical Study of Variables Acceptance Sampling:

Methods, Implementation, Testing, and Recommendations

K. Preston White
University of Virginia

12:15 - 1:45 Luncheon at Conference Center

2:00-3:30

3A - Statistical Collaboration with University Partners

Chair: Jim Simpson, United States Air Force

Opportunities for Statistical Collaboration with NASA:
Some Personal Reflections
Geoff Vining
Virginia Tech

Designed Experiments in Aerospace Ground Testing:
Challenges and Successes
Drew Landman
Old Dominion University

Quality Engineering: A Journal Dedicated to Quality
Improvement Methods and Applications
Connie Borror
Arizona State University

3B — Measurement System Uncertainty Analysis
Chair: Mark Zabel, Straight Line Performance Solutions

The metRology Package in R: Tools for Statistical Metrology

and Uncertainty Analysis
Will Guthrie
National Institute of Standards Technology

Modeling the Kronecker Product Covariance Structure for

Canonical Correlation Analysis
Ray McCollum
Booz Allen Hamilton

Design of Experiments in Measurement System
Characterization and Uncertainty
Thomas Johnson
NASA Langley Research Center

4:00-5:30

Panel: Statistical Research
Moderator: Geoff Vining, Virginia Tech
Panel: Christine Anderson-Cook (Los Alamos National Labs), Carolyn Morgan (Hampton University), Ray Rhew (NASA Langley)

6:00 Banquet Dinner at Conference Center, Special Guest Thomas Jefferson



Thursday May 5™
8:30-9:15
Overview of the NASA Engineering and Safety Center and Leveraging Limited Data: A Challenge for Statistical Engineering
Timmy Wilson, Deputy Director of NASA Engineering and Safety Center

9:30 - 10:30
4A - Statistical and Systems Engineering in the US Air Force
Test and Evaluation Enterprise
Chair: Peter Parker, NASA Langley Research Center

Engineering Test Science for the Military
Jim Simpson
United States Air Force, 53" Test Wing

Doing the Right Things:
Experimenting So That Warriors Do Not
Greg Hutto
United States Air Force 46" Test Wing

4B - Next Generation Airspace Applications
Chair: Steve Velotas, NASA Langley

Statistical Design and Analysis of Experiments for Next
Generation Air Transportation Research
Sara Wilson
NASA Langley Research Center

System Safety and Reliability Modeling for the Next
Generation of Air Transportation
Vitali Volovoi
Georgia Tech

11:00 - 12:00
5A — Improving Reliability Modeling for Engineers
Chair: Geoff Vining, Virginia Tech

Accelerated Life Testing: Tutorial with Applications
in NASA and the DoD
Laura Freeman
Institute for Defense Analysis

Modeling the Reliability of Complex Systems with Multiple
Data Sources: A Case Study on Making Statistical Tools
Accessible to Engineers
Christine Anderson-Cook
Los Alamos National Laboratory

5B — Statistical Contributions to Research and Policy in
Climate Observational Systems and Modeling
Chair: Ray Rhew, NASA Langley

Developing a Measurement System Uncertainty Framework
for Earth Observing Satellites
Nipa Phojanamongkolkij
NASA Langley Research Center

Responding to Climate Variability and Change: A Rapid
Prototype For Assessing Impacts of Uncertainty in Climate
Observations and Model Projections on Decision Support
Douglas Brown
Booz Allen Hamilton

12:15 - 1:45 Luncheon at Conference Center

2:00 - 3:30
6A — Design for Variation & Reliability and Maintainability
Engineering
Chair: Tim Adams, NASA Kennedy Space Center

Design for Variation at Pratt & Whitney
Grant Reinman
Pratt & Whitney

A Statistical Approach for Life Limits
of Space Shuttle Main Engine Components
Fayssal Safie
NASA Safety Center

Applications of Bayesian Statistical Analyses in Determining
the Number of Demonstration Tests to Conduct and in
Monitoring Reliability Growth
Bill Vesely
NASA Headquarters

6B — Measurement System Characterization with
Applications in Aeronautics and Exploration
Chair: Mark Schoenenberger, NASA Langley

Advancements in Aeronautics Measurement System
Characterization
Ray Rhew
NASA Langley Research Center

Perspectives on Planetary Entry, Descent, and Landing
Research
Sean Commo
NASA Langley Research Center

Thermal and Pressure Characterization of a Wind Tunnel
Force Balance using the Single Vector System
Chris Lynn
NASA Langley Research Center

4:00-5:30

Panel: Statistical Engineering: What, Why and How
Moderator: Christine Anderson-Cook, Los Alamos National Laboratory
Panel: Ronald Snee (Snee Consulting), Geoff Vining (Virginia Tech), Mark Zabel (Straight Line Performance Solutions)

6:00 Bus Transportation to Banquet Dinner at the Williamsburg Winery (Dinner at 6:30)



Why Statistical Engineering?

NASA Conference on Statistical Engineering
Williamsburg, VA
May 39, 2011

Roger Hoerl, GE Global Research
With Considerable Input From Ronald D. Snee



Today’'s Agenda

* Motivation
 Today’'s Realities
« My “Blinding Light of the Obvious”

« Statistical Engineering Definition
Giving a Name to Something Too Often Done in the Shadows

« Examples
« Why Statistical Engineering Needs to be a Formal
Discipline
— Versus Done on an Ad-Hoc Basis

e« Summary

imagination at work



My Motivation

* [nternship at DuPont

» Early career at Hercules Chemical Co.
« Wake up call at Scott Paper Co.

» Career at GE

For me, this is personal




Today's Realities

The statistics discipline has much to be proud of and excited
about:

« Hal Varian (chief economist at Google): “I| keep saying that the sexy job in the
next 10 years will be statisticians. And I'm not kidding.”

* More interdisciplinary academic research being conducted
* Increased enroliments in service courses at many universities

At the same time, there is an ongoing concern that statisticians
are not fully utilized within their organizations:

« Statisticians often are not sure how to take more initiative to get involved in the
large, complex, unstructured “mission critical” projects in their organizations

« Management may see that statisticians can make larger contributions than
passive consulting, but are not sure how to properly deploy them

* Professional colleagues may not understand how to engage statisticians in
broader roles as collaborators, as opposed to going to them for support on
narrow technical questions

Statisticians have much to offer: how do we unlock their potential?

imagination at work




My “Blinding Light of the Obvious”

Susan Hockfield — MIT President:

Around the dawn of the 20t century, physicists discovered the
basic building blocks of the universe; a “parts list”, if you will.
Engineers said “we can build something from this list,” and
produced the electronics revolution, and subsequently the
computer revolution.

More recently, biologists have discovered and mapped the
basic “parts list” of life — the human genome. Engineers have
said “we can build something from this list,” and are producing
a revolution in personalized medicine.

Loosely quoted from January, 2010 seminar at GE Global Research

imagination at work




Application to Statistical Science

Two important questions we must answer:

Who is building something meaningful from the
statistical science “parts list” of methods?

What are the implications of stopping at developing
the parts list — the methods, and not building
something of interest to society from them?

Can statisticians be thought leaders in addition to being “tools guys”?

imagination at work 6




Some Current Challenges

Some currently unsolved statistics problems:
Ensuring that statistical projects have high impact

How to attack big, complex, unstructured problems

— Problems that do not “correspond to an identifiable textbook
chapter” (Meng, 2009)

* The need to integrate the principles of statistical thinking

with the application of statistical methods and tools

* Providing opportunities for statisticians to demonstrate true
leadership to their organizations, rather than only passive
consulting services

An opportunity to build something new from the parts list?

imagination at work




A Conjecture

Scientists, engineers, statisticians and other professionals have
been building meaningful new things from the statistical science
parts list of tools for some time, to society’s benefit. However:

* This has typically been done on an ad-hoc basis with little or no
underlying theory documented to provide guidance to others.

« Applications have generally been “one offs”, requiring the wheel
to be reinvented each time.

« This has significantly slowed progress, and missed opportunities
to benefit society.

Not a new idea, but perhaps a new discipline

imagination at work




Statistical Engineering Fundamentals

Science;

« Systematic study and advancement of the facts and general laws of the physical
world

Engineering:

« Study of how to best utilize scientific and mathematical principles for the benefit of
humankind

Note: while scientists study and advance the fundamental laws of nature,
engineers study how existing laws and principles could be put to better use,
e.g., the IBM Computer “Watson”

« Engineers develop theory - How existing science can be better utilized - What
works, what doesn’t, and why

« The development and use of theory is the key differentiator between an “engineer”
and a “practitioner”

Theory: A coherent group of general propositions used to explain a class of
phenomena

* Note: there is no mention of mathematics in this or other common definitions of
theory!

Terminology is important, and needs to be precise

imagination at work




Statistical Engineering Definition

Statistical engineering:

* The study of how to best utilize statistical concepts, methods, and tools
and integrate them with information technology and other relevant
sciences to generate improved results (Hoerl and Snee 2010a)

* In other words, trying to build something meaningful from the statistical
science parts list

Notes

For this to be a true engineering discipline as opposed to just a sexier term
for applied statistics, there must be a dynamic theoretical foundation based
on rigorous research, just as there is for electrical engineering, mechanical
engineering, and so on

This definition does not refer to application of statistics to engineering
« Statistical engineering can be applied to improving anything

This is a different definition than that used by Eisenhart, who we believe was
the first to use this term in 1950

This definition is consistent with dictionary definitions of engineering

imagination at work

10



Elaboration of Definition

An important viewpoint to keep in mind.:

The issues we raise above have nothing to do with the old
distinction between applied statistics and theoretical statistics.
The traditional viewpoint equates statistical theory with
mathematics and thence with intellectual depth and rigor, but
this misrepresents the notion of theory.

We agree with the viewpoint that David Cox expressed at the
2002 NSF Workshop on the Future of Statistics that “theory is

primarily conceptual,” rather than mathematical. (Lindsay et al.

2004)

« Statistical engineering is different from traditional applied statistics
» Theory is conceptual, not necessarily mathematical

imagination at work
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Applied Statistics or Statistical Engineering?

Three Work Environments
Experienced by Roger Hoerl Early in his Career

Work
Environment Work Description Comments

DuPont Use statistics methods to * Applied methods learned in

Engineering— address design and graduate school.

Summer Intern  analysis problems « Employer, co-workers and clients

1981, 1982 presented to him were pleased

Hercules |dentify opportunities to » Deepened understanding of

1983-87 apply statistical methods to how to apply methods learned in
important design and graduate school.

Employer, co-workers and clients
were very pleased

analysis problems

Scott Paper Deploy Statistical Process
1987-1995 Control across the company

Not covered in graduate school

Not covered in SPC books

» Other skills beyond statistics were
needed

» Several concepts, methods and

tools needed to be integrated



Example of Statistical Engineering:
Lean Six Sigma and the DMAIC Framework

Lean Six Sigma (LSS) is an obvious example of statistical engineering — building
something from the parts list of tools. | believe that this is one reason for its prolonged
success. LSS has been deployed broadly not only within the private sector, but within
several branches of the US armed forces.

« LSS has not invented any new tools (no new statistical science), but has achieved
much greater results from existing tools
— The tools have been more effectively integrated and linked through the DMAIC
model, for example
« LSS has developed dynamically through cycles of application of the scientific
method — theory and experimentation
— Addition of the Define stage, integration of Lean approaches, etc.
LSS development has been based on a solid theoretical foundation in continuous
improvement, e.g.:
— Pareto principle (focus on a few key process drivers)
— Use of project-by-project improvement (Juran)
— Ultilization of small (4-6 people) project teams (Useem 2006)
— Use of tools with sound theoretical bases; DOE, regression, SPC, etc.

A result of “the study of how to best utilize statistical concepts, methods, ...’

imagination at work 13




A Personal Example

Problem: Develop a financial “default predictor” for GE

Big, unsolved problem!

Challenges of trading within a multi-billion dollar portfolio
No commonly accepted definition of default

Limited internal data — no set of “universal data” exists
No defined measure of success

Approach:

Cross-functional team needed (statistics, OR, quantitative finance, business
expertise), spread between in upstate New York, Bangalore, and Stamford, CT

Developed definition of default, and metrics to document success and failure

Data obtained externally — needed to merge disparate data sources
. Set up direct feed from Wall Street
Final prediction methodology utilized:

Publicly available default predictor as an input

. Smoothing algorithms, CART, simulation, Markov Chains, and censored data
methods from reliability

Awarded US Patent for system — not for algorithm

‘ o Not at textbook problem — or solution
imagination at work 14



Potential Impact of Statistical Engineering

| believe that a balanced approach involving both statistical science and
statistical engineering would enable us to have a much broader impact

15

on society
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Potential Impact of Statistical Engineering

Many have noted a gap between the concepts of statistical thinking
and the application of statistical tools and methods

Statistical

Strategic e
Thinking
} 2
. Gap or
Tactical
et “Missing Link”

o

Operational Statistical Methods & Tools

imagination at work




Statistical Thinking Definition

Statistical Thinking is a philosophy of learning and
action based on these fundamental principles:

« All work occurs in a system of interconnected
processes

* Variation exists in all processes

* Understanding and reducing variation are keys to
success

ASQ Glossary and Tables for SQC, 1996

imagination at work
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Potential Impact of Statistical Engineering

Statistical engineering is a potential bridge between statistical thinking
and statistical tools and methods

Strategic Stat.isti.cal
Thinking

| 1
Tactical Statistical

Engineering

b1

Operational Statistical Methods & Tools

imagination at work 18




Potential Impact of Statistical Engineering

We also believe that statistical engineering can help bridge the gap
between statistical theory and practice

Statistical
Thinking
I 1
Statistical Statistical Statistical
Theory Engineering - > Practice

b1

Statistical Methods & Tools

imagination at work 19




Large Unstructured, Complex Problems

The big payoff, mission critical problems that “do not correspond to an identifiable
textbook chapter” (Meng 2009)

* Impact is broad — process performance, financial, customer, social and
environmental

« Several departments, groups and functions are involved

« Problem has high degree of complexity involving both technical and non-technical
challenges

« Multiple sources of data and information are used

* More than one statistical technique is required for solution
— Typically non-statistical techniques are required

« Creative use of information technology is needed for success

« Long-term successes requires embedding solution into work processes typically
through:

— Use of custom software
— Integration with other sciences and disciplines

Statistical engineering is needed for such problems — huge opportunity for the profession

imagination at work 20




My Message

To build on their successes and prosper in the 215t century, statisticians
need to be more engaged in solving the big, complex, unsolved
problems in their organizations

One key change needs to be a balanced focus on statistical engineering
and statistical science

Statistical engineering can help:
« Ensure that statistical projects have high impact
* Provide a framework to attack large, complex, unstructured problems

* Integrate the principles of statistical thinking with the application of
statistical methods and tools

« Enable statisticians to provide true leadership to their organizations,
— Rather than focus on passive consulting services

| am anxious to hear what others have to say about statistical engineering this week.

imagination at work 21
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Increasing Statistical Rigor in
Operational Test and Evaluation

Dr. Michael Gilmore
Director, Operational Test & Evaluation

Keynote Address to the NASA Statistical Engineering
Symposium



Outline

 DOT&E Background

* National Research Council Study

— Statistics, Testing, and Defense Acquisition (1998)
Current DOT&E Initiatives

* Increasing Statistical Rigor in Test & Evaluation

— Design of Experiments
— Reliability Growth



DOT&E Background

DOT&E was created by Congress in 1983.

Director is appointed by the President and confirmed
by the Senate.

Director’s reports, by statute, go directly to the
Secretary of Defense and Congress

Responsible for all operational test and evaluation,
and live fire test and evaluation within DoD.

Provides independent oversight and reporting.



Office of the Secretary of Defense

Secretary of Defense

Deputy Secretary of
Defense

|
USD (Policy)

USD Director
PDUSD (P) (Comptroller) USD (Personnel (=S i@ Operational : USD (Acquisition,
P & Readiness) Test & Jll Technology & Logistics)
: Evaluation

DUSD (Acquisition jismmd Director Defense

& Technology) Research &
Engineering

The Director of Operational Test and Evaluation is the

DUSD (Logistics &
Principal Staff Assistant and advisor to the Secretary Materiel

i DUSD (Acquisition

& Technology)

of Defense on all matters pertaining to operational
test and evaluation within the US DoD.




DOT&E Tools:

Test and Evaluation Master Plan approval

Test plan and Test Strategy approval

Beyond Low Rate Initial Production Reports

Early Fielding reports

Annual Report

Director’s Memo, Testimony, Speeches

Close cooperation with Service Test
Agencies

NoubkwnNR

Guidance and
consultation

.y

>

TTE I}
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DOT&E Responsibilities

* Prescribe Department of Defense policy for:
— Operational Test & Evaluation (OT&E)
— Live Fire Test & Evaluation (LFT&E)

* Provide guidance on all OT&E and LFT&E matters
* Monitor & review all OT&E and LFT&E

* Report annually to Congress on OT&E and LFT&E

* Member of Defense Acquisition Board

* Approve test plans for OT & LF oversight programs

* Report on programs, before full-rate production decision to
the Secretary, OSD, Services, & four congressional
committees:

= Adequacy operational and live fire testing
= QOperational Effectiveness

= QOperational Suitability

= Survivability and Lethality




Acquisition Timeline

* Operational Testing supports full rate production decision
* Report on programs, before full-rate production decision:

= Test adequacy, Operational Effectiveness, Suitability, Survivability and
Lethality

Notional Test Program
T&E Milestone

/‘\ Event-based
Profile
o Increasing System Integration
< . £y . £ / Deployable
@ E> Warfighting
é DT&E Integrated DT&E and OT&E/LFT&E OT&E b Capability
Milestone A Milestone B Milestone C Full Rate
Technology Development Program Initiation Low Rate Production
Early Operational Assessment Initial Production

Operational Assessment



Why is a Program Placed on
DOT&E OT Oversight?

Statutory requirement for Major Defense Acquisition Programs
(MDAPSs)

— Designated by the Secretary of Defense, or

— Estimated by the Secretary of Defense to require an eventual total
expenditure for research, development, test, and evaluation of more
than $300,000,000 (based on fiscal year 1990 constant dollars), or

— Estimated to have an eventual total expenditure for procurement of
more than $1,800,000,000 (based on fiscal year 1990 constant dollars).

Congress or OSD has expressed a high level of interest

Congress has directed DOT&E report as condition for
production or progress

Program requires joint or multi-Service testing
Program has a close relationship or is key to a major program
Militarily significant change to system



National Research Council Study (1998)

e Panel on Statistical Methods for Testing and Evaluating Defense Systems
— Examine statistical techniques & make recommendations

e Statistics, Testing, and Defense Acquisition: New Approaches and
Methodological Improvements

* Select conclusions & recommendations

— Conclusion 3.1: Major advances can be realized by applying selected industrial principles and
practices in restructuring the paradigm for operational testing...

— Conclusion 4.1: The current practice of statistics in defense testing design and evaluation does
not take full advantage of the benefits available from the use of state-of-the-art statistical
methodology.

— Recommendation 4.2: All estimates of the performance of a system from operational test
should be accompanied by statements of uncertainty through use of confidence intervals...

— Recommendation 4.4: The service test agencies should examine the applicability of state-of-
the-art experimental design techniques and principles and, as appropriate, make greater use
of them in the design of operational tests.

— Recommendation 7.4: Operational test agencies should promote more critical attention to the
specification of statistical models of equipment reliability, availability, and maintainability and
to supporting the underlying assumptions...

 The majority of the recommendations have still not been implemented
13 years later.



DOT&E Initiatives

Testers Engage
Early

Requirements are:
Unambiguous
Testable
Relevant to mission
accomplishment
Technically Realistic

Integrated
Testing

Developmental
Operational
Live Fire

> <

Field New
Capabilities
Rapidly

Accelerated Testing

Improve

Suitability
Reliability Growth

10



DOT&E Initiatives & Increasing Test Rigor

* Integrated Testing

— “... DOE provides the scientific and statistical methods needed to
rigorously plan and execute tests and evaluate their results. ...
The DT&E and OT&E offices are working with the OTAs and
Developmental Test Centers to apply DOE across the whole
development and operational test cycle for a program.

— “DOE should allow DOT&E to make statements of the confidence
levels we have in the results of the testing. Whenever possible,
our evaluation of performance must include a rigorous
assessment of the confidence level of the test, the power of the
test and some measure of how well the test spans the
operational envelope of the system.”

Apply DOE Across Entire Acquisition Development Cycle




Design of Experiments (DOE)

e Test planning is a science
* DOT&E must evaluate test plan adequacy

— TEMP

— IOT&E Measures
 Statistics equips us to determine: of test plan

— Breadth of coverage adequacy!

— Power '

— Confidence

* Design of Experiments is a formal scientifically based
method for constructing test plans.

— There are many tools within the DOE toolbox.

— Key idea behind DOE: strategically manipulate factors & levels
(inputs) to influence the output.

DOE is a scientific tool for developing robust

test plans!



DOT&E Retrospective Case Studies

Motivation: get beyond general concepts, look at real
world examples

Goal: provide baseline and highlight areas for
iImprovement

Conducted an analysis of select Beyond Low Rate Initial
Production (BLRIPs) from last two years

— Noted a structured approach to testing that captures many
aspects of these concepts

— The analysis also identified areas of potential improvement



Case Studies — BLRIP Reviews

* USS Virginia

e Guided Multiple Launch Rocket System (GMLRS)
Unitary

* MH-60R and MH-60S

e Stryker Mobile Gun System (MGS)

e Joint Chemical Agent Detector (JCAD)

 DoN Large Aircraft Infrared Countermeasures
(LAIRCM)

* EA-18G



Stryker Mobile Gun System (MGS)
Coverage of Operational Envelope

llum |OPFOR
Day | Low
Day | Med
Day | High
Night| Low
Night| Med
Night| High

4 Factors: Mission Type, Terrain Type, Threat Level & lllumination

i

Z %

)

.
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%

Weather: as it occurred; not controlled

_

Key

- Instrumented data collected during controlled 10T at Ft. Hood; number
of mission replications indicated in cell

- Limited use data collected during Mission Rehearsal Exercise at Ft.
Lewis; no instrumentation or control over factors

- Limited use (anecdotal) data collected in theater during unit
deployment to OIF, mostly on tactics and employment techniques

%

i

16

* |OT test design builds on evidence from
previous events
» Mission Rehearsal Exercise prior to

unit deployment (basis for Section

231 report)
» Field data from unit deployment
* |OT scoped to focus on voids in medium
and high threat levels

Early deployment changed original DOE plan
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deployment to OIF, mostly on tactics and employment techniques
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» Mission Rehearsal Exercise prior to
unit deployment (basis for Section
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» Field data from unit deployment
* |OT scoped to focus on voids in medium
and high threat levels

Early deployment changed original DOE plan



Impact of Experimental Design

e (Case Study: Mobile Gun System Design Comparison

Executed DOE I - Factorial DOE Il - Optimal | DOE Ill — Optimal
Cases in IOT&E | Design Design (large) Design (small)

Factors & Levels 4 factors:

Mission Type (3), Terrain Type (4), Treat Level (3), lllumination (2)
Total Tests: N 16 72 36 16
Confidence: (1-a) Set to the same level across all 4 designs: Confidence = 95%
1o - Power (1-B) 8.1% - 28.0% 68.1% - 98.7% 35.0% - 81.5% 12.3% - 39.9%

* The case study suggests that 16 runs is far from adequate to span the
operational battle space with high power and confidence.

* The DOE optimal design is a more powerful allocation of the 16 tests than
the case based design.

 DOE allows us to understand what we are giving up!
— In the case of MGS, the system was deployed early which altered the original
test plan.
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Joint Chemical Agent Detector (JCAD)

 What is the operational envelope? (factors and levels)
— Agent (9 agents and 2 simulants)

— Temperature, water vapor concentration, agent concentration,
interferent (continuous)

— Environment (sand, sun, wind, rain, snow, fog)

— Service (Army, Air Force, Navy, Marine Corps)

— JCAD Mode (Monitor, Survey, TIC)

— Operator (Any MOS to CBRN Specialist)

— TTP (Monitor Mission, Survey Mission, Decon Support)



Joint Chemical Agent Detector (JCAD)
Coverage of Operational Envelope

AgentTemp WVC Conc.

49

40

o0

JCAD

Inter Mode Enviro. Service

Operator TTPs

=
T

oo ‘Monitor | Sand
¢ Survey !Sun Air Force

Wi Navy
Rain

arine Corps

Army CBRN specialist Monitor Mission

Survey Mission
Decon Support

Snow

DT with CWA (DOE):==a e

AC = hydrogen cyanide

L - Lewisite

MES — Methyl Salicylate
DEM - Diethyl Malonate

Fog DT No CWA :e=
o=
Any MOS
GA - Tab'un Temp - Temperature
2(8) - za”" WVC - Water Vapor Content
S 'C°‘:)a" i Conc - agent concentration
'-: ye Sﬂ;n Inter - interferent
H23 maustar ; Enviro — Environment
- mt_rogen mustar MOS - Military Occupational Specialty
CL - chlorine

- - continuous factor (all others categorical)




Joint Chemical Agent Detector (JCAD)
Coverage of Operational Envelope

JCAD
AgentTemp WVC Conc. Inter Mode Eﬂiro. Service Operator TTPs
F'GA™\ 49 40 o oo | Monitor 5and  Army CBRN specialist Monitor Mission
GB 4/ Survey !Sun Air Force Survey Mission
|

GD TIC Wi Navy Decon Support
GF \ 8// Rain h’!arine Corps

HD T ' Snow DT with CWA (DOE):z=m =

HN Fog DT No CWA ==
g —
CL OoT:
AC f
' “DOE” could have been
- applied to full test program
\ES_ /A 0 0 for breadth of coverage
DE GA - Tabun . —
- - 2(8) ) za"" WVC - Water Vapor Content
Jocion vl Conc - agent concentration
Response Surface Design applied GF - Cyclosarin Inter - interferent
to chamber tests :33 mu.stard 4 Enviro — Environment
= IMUOPEN Mustar MOS - Military Occupational Specialty
CL - chlorine : 1
AC - hydrogen cyanide - - continuous factor (all others categorical)
L - Lewisite
MES — Methyl Salicylate
DEM = Diethyl Malonate




Joint Chemical Agent Detector (JCAD)
Power of Test

* Power Analysis for JCAD Chamber Test
— DT Testing
— Statistical Response Surface Design (I-Optimal)
— High power test plan

Temperature 32.0% 84.7% 99.9%
Water Vapor
42.1% 94.1% 99.9%
Content (WVC)
: 99.9%
Concentration 46.5% 96.3%

*S:N — signal-to-noise ratio, goal detectable difference as a ratio to the design
standard deviation



Lessons Learned — Case Studies

I”

There is no “one size fits all” approach for designing

experiments.

Review of past BLRIPS illustrated the need for a more rigorous
approach to DT/OT incorporating statistical experimental
design.

Defining measurable, testable, important response variables is
key to a good design.

T&E already thinks about factors and levels (input variables);
however we can improve on a scientific approach to varying
factors & levels.

DOE can be applied in both DT and OT. However, responses
and factors may differ between the two.

Confidence and power add important information to our
assessment of the test adequacy and test results.



The Strength of Desighed Experiments

* We face the following constraints in testing:
— Limited Test Resources
* Range Size
* Forces (Manpower & Materiel)

— Limited Test Time
* Fielding & Production Schedules

e Range Availability
— Limited Test Articles
* Unit Cost
* Production Time
* Design of experiments allows us to understand the tradeoffs
these constraints impose.

* Design of experiments can provide a statistically optimum
allocation of our assets under given constraints.



DOT&E Guidance on Design of Experiments

e DOT&E Memorandum, October 19, 2010

 “Design of Experiments is a structured process to identify the
metrics, factors, and levels that most directly affect operational
effectiveness and suitability...”

* Elements of experimental design for TEMPs and Test Plans
approval:
— The goal of the experiment.
— Quantitative mission-oriented response variables
» effectiveness and suitability
— Factors [and levels] that affect response variables
— A method for strategically varying factors
e across both developmental and operational testing

— Statistical measures of merit

* power and confidence on the relevant response variables for which it makes
sense.

* Important to understand "how much testing is enough?”



4 Challenges to Integrated Testing using DOE

e Current policy documents do not address the use of
statistics during T&E planning or analysis.
— No Policy = No funding
* Program Managers decide how much and where DT is done
— Makes planning sequential experiments challenging.
 Developmental testing has not been sufficient or adequate
— OT&E results indicate a Department-wide problem
— Seeing more weapons systems not ready for IOT&E and combat.

* Congress recently created a Director of Developmental
Test and Evaluation (DDT&E)

— DDT&E has not yet provided guidance on the application of
statistical methods in DT
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Leadership — Essential for Developing the
Discipline of Statistical Engineering

Ronald D. Snee

Snee Associates, LLC

With Significant Contributions by
Roger Hoerl
GE Global Research

NASA Symposium on Statistical Engineering
Williamsburg, VA
May 3-5, 2011
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Agenda pocn

Time

@ Today’'s Realities
@ Increasing the Impact of our Work
@ Dealing with Large, Unstructured, Complex Problems

@ Why Leadership is Needed

@ What Does Management Expect of Statisticians and other
professionals?

@ What Do Leaders Do?
@ Developing Leadership Skills
@ Conclusion

Statistical Leadership 2



Today’s Realities -

Time

@ Global Competition, fueled by information technology,
is forcing changes in all aspects of our society

- Business
- Government
- Education
- Health Care
@ Customers are demanding more
@ We have to change how we work and manage
- All aspects of our organizations
- All processes we use to do our work

Statistical Leadership 3



Implications for Use of Statistical Thinking and Methods o

@ Internet enables communication and data access available to ==

anyone in the world at any time.
@ Anyone with a PC can download and use statistical software

@ Cost conscious organizations are asking why employees can't
analyze their own data

@ Narrow technical tasks, such as intensive data analysis, are easy
to transfer to employees in low cost countries*

@ The “market” for the old role of a consultant who performs data
analysis Is rapidly evaporating.

Organizational Leaders Are Looking for
People Who Can Deliver High Impact Results

*We do not suggest that this controversial phenomenon is either good or bad; only that it is occurring.

Statistical Leadership 4



Expanding Role of Statisticians

Impact of Statisticians

Consultant/Expert Collaborator/Leader

@ Consult on other people’s @ Lead or collaborate on our own
projects projects — project ownership

@ Perform routine analyses if @ Focus on significant, complex
needed problems

@ Teach statistical tools @ Design training systems

@ Work with technical people @ Work with managers and

technical people

@ Narrow expertise and @ Broad expertise and
accountability accountability

@ “Benign neglect” @ “In the firing line”

Computer Scientists Provide an Example of Such a Role

Statistical Leadership 5



Statistical Engineering Is A Team Sport

Statistical Leadership 6




Statistical Engineering Increases Impact

Balanced approach involving both statistical science and statistical
engineering will enable us to have a much broader impact on society

Impact of Statistical Studies

© R. D. Snee and R. W. Hoerl

Time
7

Statistical Leadership



Case Study - Product Quality Management - i

@ Background

@ DuPont Dacron polyester products experiencing quality problems in the
marketplace

@ Products produced at 8 plants globally

@ Key players — Manufacturing and Marketing — not working together

@ Many quality and statistical tools are available to solve this problem
@ Questions

@ s this an opportunity with major impact?

@ Is this a large, unstructured, complex problem?

@ What is needed to be successful?

Statistical Leadership e



PQM System

Production Decision and Control
Process Processes
Process A M ols A
Materials —> Acceptance ——> —3 Materials Acceptance
—> |N-Process =——> —> Process Control
l —> Finished Product > ——> Product Release
Finished
Product
Measurement Measurement
Process Control

T

T

T T

User
Input

Information System Processes -> Reports

Statistical Leadership




Case Study - PQM System - Statistical Techniques ' o

Time

@ Product Release
@ Sampling Schemes
@ Process Control
@ Cumulative Sum
@ Measurement Variation
@ Shewhart and CUSUM Control charts
@ Inter-laboratory studies
@ Process Calibration and Adjustment
@ Response Surface Methods
@ Process Variance Components - Estimation and maintenance

Statistical Techniques Were Integrated, Linked and Sequenced to
Produce the Product Quality Management System

Statistical Leadership 19



DuPont PQM: Statistically-Based
Product Quality Management System

@ Product Quality Management (PQM)
@ Framework for managing the quality of a product or service.

@ Operational system the enables Marketing, R&D, Production

and support personnel to work together to meet increasingly
stringent customer requirements

@ “Within two years product quality had improved to the point of commanding a
marketplace advantage and more than $30 million had been gained in
operating cost improvements. The statistically based Product Quality
Management system developed for “Dacron” was expanded to other products

with further contributions in earnings.”

Richard E. Heckert
Chairman and CEO, DuPont Company

ASA Annual Meeting 1986

Statistical Leadership 11
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Large, Unstructured, Complex Problems | g

* The big payoff, mission critical problems
Impact is broad

* Process performance, financial, customer, social and environmental
» Several departments, groups and functions and disciplines are involved
* Problem has high degree of complexity

« Technical and non-technical challenges are involved

* Multiple sources of data and information are used
* Mix of statistical and non-statistical techniques are required for solution
* Creative use of information technology is needed for success
* Long-term successes requires embedding solution into work processes

Statistical Engineering is Needed for Such Problems
Huge Opportunity for All Involved

Statistical Leadership 12



Case Stuay (
Product Quality Management System .

Role of Statisticians in PQM at DuPont

@ Leaders in developing their organization’s strategy for
quality management

@ Leaders in developing technology systems for quality
management

@ Participants in the business planning process
@ Participants in problem solving activities

@ Leaders In Initiating and implementing quality
management training systems at all levels

DuPont PQM Manual 1988

Statistical Leadership 13



What Do Executives Expect?

Executives Interviewed (Vining, Bowen and Parr 2001)
@ CEO, Major Technology Co., #1
@ CEO, Major Service Company
@ Senior VP, Major Manufacturing Co.
@ VP, R&D, Major Food Company
@ VP, Major Technology Co., #2
@ VP and GM, Major Manufacturing Co.
Executives Expectations
@ Persons Who Can Lead Projects and Get Results

“Results Buy Freedom”

Arnie Eckleman,
Senior Vice President
Verizon Communications

Statistical Leadership 14
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Developing Leadership Skills

Time

Some Questions You May Have

@ What is Leadership?

@ What Do Leaders Do?

@ Key Leadership Skills?

@ How do | develop leadership skills?

Statistical Leadership 15



Leaders Help Us Make the Needed Changes?

Time

Leaders help a group of people move from
One paradigm to another

"Leadership: the art of getting someone else to
do something you want done because he wants
to do it."

Dwight D. Eisenhower

“Leaders have followers”

Bill Gore, Founder
W. L. Gore and Associates

Statistical Leadership 16



We have Many Kinds of Leaders

Time

@ Political
@ Military

@ Business
@ Academic
@ Religious
@ Sports

@ Statistical Leaders
@ Technical
@ Managerial

@ And many more

Statistical Leadership 17



Myths of Leadership e

* Lead
* Lead
* Lead
* Lead

 The

Time

ership is a rare skKill

ers are born not made

ers are charismatic

ership exists only at the top of an organization
eader controls, directs, prods, manipulates

Bennis and Nanus 1985

Statistical Leadership 18



Change Requires Both Leading and Managing

Leading

@Moving Between
Paradigms

@Doing Right Things
@ Creating
mprovements

@Leading & Developing
People

Statistical Leadership

19

Managing

@Working Within a

")
")

Paradigm
Doing Things Right

Holding the Gains

@Managing Processes



We Need Both Leading and Managing

Impact of S

Lead People
e Direction
« Communication :> Manage :D
e Resources Processes
e Coach

* Reinforce
T Happy Customers

Feedback

- What’s working?
- Need to do differently?

Healthy processes serving happy customers

Statistical Leadership 20



Time Spent on Doing and Improving Work

Time

Leading Managing
Role “Improving” Work  “Doing” Work
Executives 90 10
Managers 70 30
Others 30 70

Statistical Leadership 21



So What Do Leaders Do?

Provide Direction
Where We’re Headed

Recognize and
Reinforce
Results and
Desired Behavior

Communicate
What and Why

Enable, Coach and Counsel
Training, Resources, Support

Statistical Leadership 22



Providing Direction - Showing the Way

@ Vision - What Success Looks Like

@ Objectives - How we will win

@ Goals - How much, by when

@ Strategies - What we will focus on

@ Initiatives - Specific projects we will undertake

Statistical Leadership 23
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Kotter’s Eight Stages of Successful Change

@ Establish a sense of urgency

@ Create a guiding coalition

@ Develop a vision and strategy

@ Communicate the change vision

@ Empower employees for broad based action
@ Generate short-term wins

@ Consolidate gains and produce more change
@ Anchor new approaches in the culture

Statistical Leadership 24
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Communicate The Direction

Provide Understanding and Hope ' e

Time

@ The direction we are pursuing
@ What benefits we expect to get
@ Progress - Results achieved to date
@ Communication should be clear, concise and continuous
@ Variety of media should be used
- People take in and process information in different ways

Statistical Leadership 25



Enable - Set Up People for Success

Provide resources - people, time, $$$

Provide training - build needed skills

Provide methods to accomplish assigned tasks
Remove barriers

@ Coach and Counsel

O O O O

Statistical Leadership 26
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Recognize and Reinforce -
Catch People Doing Things Right

Time

@ Recognize accomplishments and results
- Psychological rewards
- Financial rewards
@ Reinforce desired behavior
- Catch people doing things right
@ People want and need feedback
- “How am | doing?” , Ed Koch, Mayor, New York
@ Feedback needed for improvement
@ Key tool - Management reviews

Statistical Leadership 27



Leaders Lead People - Leaders ....

Show the Way

Catch People
Doing Things Right

Develop
Understanding and Hope

Set People Up for Success

Statistical Leadership 28



Critical Leadership Skills

@ Organizational Acumen
— Understand how the organization works

@ Process and Systems Thinking

@ Strategic Planning and Deployment

@ Stakeholder Building

@ Communication — Clear, concise and continuous

@ Reviewing and Coaching

@ Structured Improvement Methods (DMAIC)

@ Learn to Deal With Teams and Group Dynamics

@ Meeting Design and Facilitation

@ Project Planning and Management

@ Understanding Human Behavior

Statistical Leadership 29



Ways to Develop Leadership Skills |

Time

@ Read books and articles

@ Attend courses

@ Discuss the subject with colleagues
@ Practice, Practice, Practice, ...........

“Becoming a leader is like
learning to play the violin in public”
Anonymous

Statistical Leadership 30



My Message ——

Time

@ Place an increased focus on enhancing your leadership skills

@ Be on the lookout for examples - good and bad - of leadership that
you can use as a model

@ Personal Change Is Required

@ Those Who Fail to Respond to Their Changing World Will Have
Less Influence in It

@ Best way to learn to lead is to do it
- Be on the lookout for your opportunity!
Can We Be Successful?
“Never doubt that a small group of committed people can

change the World. Indeed, it is the only thing that ever has”
Margaret Mead
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Books on Leadership
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Hall, Upper Saddle River, NJ
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References on Leadership Skills
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Questions and Comments?

For Further Information, Please Contact:
Ronald D. Snee, PhD
Snee Associates, LLC
Ron@SneeAssociates.com
610-213-5595

www.SneeAssociates.Com
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NASA Engineering
and
Safety Center
(NESC) '!
Overview
May 5, 2011 - -
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NESC Background and Vision

 NESC was established in July 2003 in
response to the Columbia accident

« Safety philosophy has 3 tenets:
— Strong in-line checks and balances
— Healthy tension

— “Value added” independent
assessment

 NESC provides independent
assessment of technical issues for
NASA programs and projects

Apollo Saturn V Launch Vehicle

NESC is cultivating a Safety culture focused on engineering and technical
excellence, while fostering an open environment and attacking challenges
with unequalled tenacity

Engineering Excellence 2




NESC Model

» Institutionalized “Tiger Team” approach to
solving problems

* Agency-recognized NASA Technical Fellows
lead Technical Discipline Teams (TDT)

— TDTs include “ready” experts from across
NASA, industry, academia and other
government agencies

 Assemble diverse, expert technical teams
that provide robust technical solutions to the
Agency’s highest-risk and most complex
iIssues

4 - Y a e
s B / b W
™ - ;‘ v
W '%‘ ¥ 5=

Space Shuttle on Mobile Launch Platform

« Strong Systems Engineering function for
proactive trending and identification of
problem areas before failures occur

Focus on technical rigor and
engineering excellence

Engineering Excellence 3




« NESC has 61 full-time
employees selected from across
the Agency and externally

« NESC Chief Engineers at each
Center provide technical insight
and liaison roles

* 15 NASA Technical Fellows are
recognized experts in their
respective engineering fields

NESC Organization
Distributed NESC Team

NASA
515

University
33

Other US
Gov't
19

~—_Industry
“ 160

Over 700 top caliber engineers
support the NESC nationwide

« 18 Technical Discipline Teams (TDT) comprised of 16 engineering and 2
operations disciplines create a network of over 700 engineers available

for matrix support

* More than 200 TDT members are drawn from industry, academia and

other government agencies

Engineering Excellence 4




NASA Technical Fellows
Disciplines

* 15 NASA Technical Fellows are currently active
— Aerosciences - Dave Schuster (LaRC)
— Avionics - Oscar Gonzalez (GSFC)
— Electrical Power — Denney Keys (GSFC)
— Flight Mechanics — Dan Murri (LaRC)
— Guidance, Navigation, and Control - Neil Dennehy (GSFC)
— Human Factors - Cynthia Null (ARC)
— Life Support / Active Thermal - Hank Rotter (JSC)
— Loads and Dynamics - Curt Larsen (JSC)
— Materials - Bob Piascik (LaRC)
— Mechanical Systems — Joe Pellicciotti (GSFC)
— Non-Destructive Evaluation - Bill Prosser (LaRC)
— Passive Thermal — Steve Rickman (JSC)
— Propulsion — Roberto Garcia (MSFC)
— Software - Mike Aguilar (GSFC)
— Structures - Ivatury Raju (LaRC)

« Four additional disciplines to be added pending available funding
— Space Environments - Cryogenics
— Systems Engineering - Instruments and Sensors

Engineering Excellence S



NESC Resident Engineer Program

» Creates an opportunity to allow early
career participants to gain hands on
experience

— Provide a technically diverse learning

experience for resident engineers within
the NESC organizational framework

— Gain first-hand experience working with
NASA technical experts and leaders

» Builds upon the principles of the MLAS
Resident Engineer model

» Benefits the Agency by connecting to a
younger generation and providing a
fresh perspective to technical activities

* One year detail assignment for GS-12’s
and 13’s 2010-2011 NESC Resident Engineers

Engineering Excellence 6



NESC Technical Highlights

Shell Buckling L34
Knockdown Factor —i B
Testing X2

Crew Module Water Landing
Modeling Assessment

S=BDLG 4619
PENEE &
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NESC Technical Highlights

Support for Chilean Miners
Rescue Effort

NHTSA Toyota Sudden
Acceleration Investigation

Engineering Excellence 8




NESC Leading Agency-Wide Teams
Gaining Hands-On Experience
In Design, Development, and Test

CEV Smart Buyer

Max Launch Abort System

Alternate Launch Abort System

Engineering Excellence



NESC Leading Agency-Wide Teams
Max Launch Abort System

Develop an alternate launch abort system design as risk mitigation for the
Orion LAS and demonstrate the concept with a pad abort flight test.




NESC Leading Agency-Wide Teams
Composite Crew Module

Design and build a
composite crew module to _
gain hands-on design,  °
build, and test experience.lg\ -

Engineering Excellence



Contributions to the Agency

After 7 years and 400+ technical assessments the NESC has become the
“value added” independent technical organization for the Agency

The NESC model provides an excellent
example of the benefits of bringing
together diverse technical experts to
solve the Agency’s most difficult
problems

« Creative, robust technical solutions
« Stronger checks and balances

* Well informed decision making

The NESC has fulfilled a role for off-line
design, development and test to provide
alternate solutions, gain valuable hands-
on experience, and help train the next
generation of engineers

Engineering Excellence




A Challenge for Statistical Engineering Community:
Leveraging Limited Data

Engineering Excellence




Case Study: Launch Environments

* Problem

— Catastrophic failures of launch vehicles during launch and ascent are currently modeled
using equivalent TNT estimates

— This approach tends to over-predict the blast effect with subsequent impact to launch
vehicle and crew escape requirements

— Work has begun on a less-conservative model based on historical failure and test data
coupled with physical models and estimates

« Challenge
— Revised approach requires a statistical assessment of historical databases

— NESC was asked to conduct a peer review of the work and provide findings and
recommendations

Engineering Excellence 14
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The Challenge

» Challenge: Agency senior leaders need timely inputs to make well
informed decisions, often with limited data.

» What can the statistical engineering community do to help?

» What tools/methods are available or can be developed to deal with
small data sets for real-time problem solving?

» How can statistical information be communicated more clearly to
decision makers outside of the community?

» How can the community engage earlier in issue resolution to help guide
the testing and data collections?

Engineering Excellence




Air Force Materiel Command

Developing, Fielding, and Sustaining America’s Aerospace Force

Truths, Darn
Truths, and
Statistics

Dr. Ed Kraft AEDC/CZ

Presented at the

Uu.s. AIR EOEC= NASA Statistical Engineering
Symposium
Williamsburg, VA
-5 May, 2011
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Objective

yF /7 1V 7.l
V ¢/ of | (A"

« Shift image from lies, damn lies, and statistics to
» Truth — right answer achieved in an experiment

» Darn Truth — defined risk at key leverage points in
acquisition

» Statistics — disciplined approach to identifying and
managing risk

It is less about statistical theory and more about
how we Increase systems engineering
effectiveness during defense acquisition using
statistical tools




Targeting Five Key Leverage Points
Marked by Events — Mired by Lack of Effectiveness __
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